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ABSTRACT

Expression of 

endoplasmic reticulum stress-related molecule

in oral lichen planus

YoungJoo Shim, D.D.S., M.S.D.

Department of Dentistry,

The Graduate School, Yonsei University

(Directed by Professor Jong-Hoon Choi, D.D.S., Ph.D.)

Oral lichen planus (OLP) is known as a T cell-mediated autoimmune disease. Apoptosis 

and T cell recruitment are thought to play major roles in pathogenesis of OLP. The apoptosis is 

reported to be mediated by extrinsic, intrinsic, and perforin/granzyme B apoptotic pathway, but 

the exact mechanisms of apoptosis are unknown in OLP. Recently, an endogenous cellular stress, 

endoplasmic reticulum (ER) stress, emerges a new apoptotic signaling initiator and controls 

inflammation and immune response. ER stress is also thought to play an important role in 

development of T cell-mediated autoimmune diseases. Further, it has been reported that ER 
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stress regulates an endogenous inhibitor of leukocyte adhesion that is critical in leukocyte 

recruitment. 

The aim of this study is to investigate a potential role of ER stress in pathogenesis of OLP. 

We examined the expression of B cell immunoglobulin protein (BIP); an ER stress marker,

tumor necrosis factor alpha (TNF-α); a potent modulator of cellular apoptosis,

CCAAT/enhancer-binding protein (C/EBP) homologous protein (CHOP); a transcription factor

involved in ER stress-induced apoptosis, and developmental endothelial locus-1 (Del-1); an 

endogenous inhibitor of leukocyte adhesion by reverse transcription-polymerase chain reaction

and immunohistochemistry in OLP tissue. 

The mRNA expression level of BIP and TNF-α were significantly higher, and CHOP was 

significantly lower in OLP compared to the control. The mRNA expression level of Del-1 was 

not significantly different between the control and OLP. CHOP was expressed in the upper 

epithelial layers in the control, whereas, expressed in the basal epithelial layer in OLP. Del-1 was 

not expressed in the endothelial cell of the control, but expressed in the endothelial cells of OLP.

We found out that ER stress is increased in OLP lesion and ER stress-induced apoptosis 

may be involved in apoptosis of basal keratinocytes. We suggest that the endogenous cellular 

stress, ER stress, may play a role in pathogenesis of OLP and propose that ER stress could be a 

new scope for study of OLP. 

Key words: Apoptosis, B cell immunoglobulin protein (BIP), C/EBP homologous protein 

(CHOP), Developmental endothelial locus-1 (Del-1), Endoplasmic reticulum (ER) 

stress, Oral lichen planus (OLP)
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I. INTRODUCTION

Oral lichen planus (OLP) is a chronic inflammatory oral mucosal disease. It presents as 

white striations, white papules, erythema, erosions, or blisters affecting most commonly the 

buccal mucosa, tongue, gingiva, and any intraoral sites. Histologically, it is characterized by 

hyperkeratosis, liquefaction degeneration of keratinocytes, and infiltration of mononuclear cells

in superficial lamina propria. The alteration of keratinocyte is initial event and elicits innate and 

adaptive immune response. Recruited T cells trigger apoptosis of basal keratinocytes. So, OLP 

is known as a T cell-mediated autoimmune disease, characterized by apoptosis of basal 
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keratinocytes and infiltrated autoreactive cytotoxic T cells. Although the precise pathogenesis

of OLP is not known for sure to date, apoptosis and T cell recruitment are thought to play major 

roles in pathogenesis of OLP (Sugerman et al. 2002; Skully, and Carrozzo 2008).

Previous studies have investigated the exogenous sources of stress or stimulus, 

inflammatory cytokines related to apoptosis, and the change of outside keratinocyte to figure 

out the pathogenesis in OLP. These studies reported that apoptosis is mediated by extrinsic via 

tumor necrosis factor alpha (TNF-α), intrinsic, and perforin/granzyme B apoptotic pathway

(Kischkel et al. 1995; Garrido et al. 2006; Pekiner et al. 2012). However, the changes of inside 

keratinocyte related to alteration and initiator of apoptosis are not exactly unknown in OLP. 

Recently, an endogenous source of stress, endoplasmic reticulum (ER) stress, emerges a 

new apoptotic signaling initiator and is thought to play an important role in development of T 

cell-mediated autoimmune diseases (Todd, Lee, and Glimcher 2008; Plácido et al. 2014). ER is 

a site of biosynthesis for all secreted and membrane proteins and critical for proper protein 

folding. ER is a sensor of cellular homeostasis of various cellular biology and signal 

transduction pathways through membrane. Cellular and microenvironmental stress conditions

can disturb proper ER function and result in increase of unfolded proteins. This condition is

referred to as ER stress. ER stress leads to activation of a specific adaptive cellular process 

called unfolded protein response (UPR) (Ron, and Walter 2007). If the UPR fails to resolve the 

stress, UPR initiates programmed cell death such as apoptosis. ER stress-induced apoptosis is 

reported to be linked to the extrinsic and intrinsic apoptotic pathway (Oyadomari, and Mori 

2004; Hu et al. 2006). Therefore, ER is an important control center to decide survival or 

apoptosis of cell (Schroder, and Kaufman 2005).
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When ER stress occurs, the B cell immunoglobulin protein (BIP), a molecular ER 

chaperon, also known as glucose-regulated protein of 78 kDa (GRP78), increases and initiates 

a signaling cascade of UPR. BIP is a member of heat shock protein 70 family and involved in 

folding and assembling proteins in ER. BIP is known as a marker for the presence of ER stress

and regulator of apoptotic pathway (Zhang, and Zhang 2010).

With the upregulation of BIP, one of the highest inducible genes during UPR is a 

CCAAT/enhancer-binding protein homologous protein (CHOP), also called GADD153 (growth 

arrest- and DNA damage-inducible gene 153) (Schroder, and Kaufman 2005; Mackay, 

Leskovsek, and Rose 2008; Tabas, and Ron 2011). CHOP is a transcription factor strongly 

involved in apoptosis and inflammatory response (Zinszner et al. 1998). It normally presents in 

low level but its expression markedly increases following sustained ER stress. 

Furthermore, ER stress is also implicated in leukocyte recruitment for inflammation and 

immune response (Majors et al. 2003; Lauer et al. 2008; Valdaykvskaya et al. 2012). Leukocyte 

recruitment is critical in inflammation and autoimmune diseases. When leukocytes migrating, 

leukocyte adhesion to the endothelium is crucial. Recently, an endogenous inhibitor of 

leukocyte adhesion, developmental endothelial locus-1 (Del-1), is discovered in many aspects 

of inflammation and immunity. Del-1 was identified to inhibit the interaction between leukocyte 

and endothelium and thereby exert anti-inflammatory effect (Choi et al. 2008; 2009; Chavaki 

2012). Baban et al. (2013) suggested that Del-1 expression is regulated by UPR. 

Intact UPR is important in normal physiologic condition, cell growth and differentiation. 

Further, UPR regulates inflammation, apoptosis, and immune responses (Todd, Lee, and 

Glimcher 2008; Martinon 2012). Dysregulation of UPR potentially contribute to the 
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development of T cell-mediated autoimmune diseases such as Sjögren syndrome (Baban et al. 

2013), experimental autoimmune encephalomyelitis, an experimental model of multiple 

sclerosis (Zhang, and Kaufman 2008; Choi et al. 2015), psoriasis vulgaris (Sugiura et al. 2009; 

Hibino et al. 2011), and ulcerative colitis (Treton et al. 2011; Waldschmit et al. 2014). The 

expression of ER stress-related molecule in OLP has not been explored yet.

The aim of this study is to investigate a potential role of endogenous source of stress, ER 

stress, in pathogenesis of OLP. We evaluated the expression of ER stress-related molecules –

BIP, TNF-α, CHOP, and Del-1 – in OLP.
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II. MATERIALS AND METHODS

1. Tissue specimens

The OLP tissue specimens were obtained from 10 OLP patients (4 males and 6 females

with mean age of 53.1 years; ranging from 38 to 79 years) who visited the Department of Oral 

Medicine and Orofacial Pain, Wonkwang University Daejeon Dental Hospital (WUDDH). All 

the patients had pain on the affected buccal mucosa and were clinically and histologically 

diagnosed with erosive type of OLP. Diagnostic criteria were followed by van der Meij and van 

der Waal (2003). The specimens were collected from the buccal mucosa. 

The control tissue specimens were obtained from 8 patients (4 males and 4 females with 

mean age of 48.0 years; ranging from 34 to 57 years) who visited the Department of 

Periodontology, WUDDH. The patients had primary periodontal treatment (scaling and 

subgingival curettage), and then had secondary flap operation. We collected excised gingiva 

during the flap operation and used relatively healthy gingiva as control.

The following exclusion criteria were applied: (1) previously received steroid therapy, (2) 

currently taking steroid, and (3) having another immune-related disease.

The biopsy specimens were immediately bisected and the one half was placed in 10 % of 

formalin for a routine histopathological examination and immunohistochemistry. The other half 

was fresh-frozen for a reverse transcription-polymerase chain reaction. This study was 

undertaken with the approval of the Institutional Review Board (IRB) of the WUDDH (IRB 

number : W1502/003-001).
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2. Histopathology 

The specimens from the buccal mucosa (OLP) and the gingiva (control) were fixed in 10%

of formalin over 24 h. The tissues were then dehydrated in an alcohol-xylene series and 

embedded in paraffin wax. From each block, sections 5 μm thick were prepared and stained 

with hematoxylin and eosin (H&E) for a histopathological examination. 

3. Reverse transcription-polymerase chain reaction (RT-PCR)

The mRNA expression levels of BIP, TNF-α, CHOP, and Del-1 were measured by RT-

PCR. TNF-α is a pro-inflammatory cytokine and potent modulator of cellular apoptosis (Lu et 

al. 2015). TNF-α links ER stress to the TNF-α-mediated death receptor apoptotic pathway (Hu 

et al. 2006). So we also examined the expression of TNF-α to evaluate the cellular activity of 

inflammation. Each specimen from the buccal mucosa (OLP) and the gingiva (control) was

lysed using TRIzol Reagent (Invitrogen, CA, USA). One microgram of total RNA was reverse 

transcribed into complementary DNA (cDNA), and PCR was performed using the Power cDNA 

Synthesis kit (Intron Biotechnology, Daejeon, Korea). The house keeping gene, glyceraldehyde 

3-phosphate dehydrogenase (GAPDH), was used for loading control. The primer sequences for 

each gene are shown in Table 1.

PCR conditions were as follows: The amplifications were performed 40 cycles at 94°C 5 

min after an initial denaturation at 94°C 30 s, annealed at 55°C 30 s, extended at 72°C 30 s, and 

extended at 72°C 10 min in all primers. PCR products were then electrophoresed on a 1.5 % 

agarose gel and visualized using a gel documentation system (Bio-rad, Hercules, CA, USA). 
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4. Immunohistochemistry

In order to examine the immunohistochemistry staining for TNF-α, CHOP, and Del-1, the 

formalin-fixed paraffin-embedded sections were used. The sections were deparaffinized and 

dehydrated in an alcohol-xylene series and then incubated in 3% H2O2 in methanol for 30 min 

to remove endogenous peroxidase. The sections were blocked with 1% bovine serum albumin 

in phosphate buffered saline (PBS) for 30 min. Avidin-biotin peroxidase complex (ABC) 

method was employed. (Vector, CA, USA). The sections were incubated with anti-TNF-α, 

CHOP, and Del-1 antibodies (Abcam) overnight in a 4 ˚C moist chamber. After washed with 

PBS 3 times, the sections were incubated with biotinylated antibodies for 30 minutes and then 

washed again. They were treated with the avidin reagent. The unbound conjugate was removed 

by washing and the bound peroxidase was visualized with 3,3'-diaminobenzidine (Vector, CA, 

USA). Finally, the sections were counter-stained with Mayer’s hematoxylin. The antibodies 

used in immunohistochemistry are described in Table 2.

5. Statistical analysis

The respective mRNA levels were analyzed and quantified. The mRNA expression levels

of BIP, TNF-α, CHOP, and Del-1 in OLP were shown as % of control; the level of each mRNA 

in the control was set as the 100 % control. The differences in mRNA expression levels of BIP, 

TNF-α, CHOP, and Del-1 between the control and OLP were analyzed by Mann-Whitney U-

test with significant criteria of p < 0.05. 
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Table 1. Primer sequences used in PCR amplification (5’- 3’)

Gene Primer Sequence

BIP
Sense

Antisense

GAT AAT CAA CCA ACT GTT AC

GTA TCC TCT TCA CCA GTT GG

TNF-α
Sense 

Antisense 

AGC CCA TGT TGT AGC AAA CC

CTG AGT GGG TCA CCC TTC TC

CHOP
Sense

Antisense

AAA CAG AAT GGG GTC CAC TG

TGT GAC CTC TGC TGG TTC TG

Del-1
Sense

Antisense

TGA TTA CCC AAG GAG CCA AG

CGA CAG TTC AA GCC AAG AA

GAPDH
Sense

Antisense

CCAAGGTCATCCATGACAACTTTG

GTCATACCAGGAAATGAGCTTGACA

Table 2. Antibodies used in immunohistochemistry

Antigen Clone / Type Source 1st Dilution 2nd Dilution

TNF-α Rabbit polyclonal/IgG Abcam (ab6671) 1:100 1:200

CHOP Rabbit polyclonal/IgG Abcam (ab27539) 8㎍/㎖ 1:100

Del-1 Rabbit polyclonal/IgG Abcam (ab151308) 1:100 1:100



- 9 -

III. RESULTS

1. Histopathology

Figure 1 shows representative H&E stained samples for histopathological examination. 

Tissue sections of OLP subjects showed a hyperkeratinized epithelium characterized by 

liquefaction degeneration of basal keratinocytes that form colloid and appear as homogenous 

eosinophilic globules, destruction of basement membrane, and a diffuse accumulation of 

inflammatory cells, predominantly lymphocytes, in the superficial lamina propria. These were

all compatible with OLP (Fig 1(b) and 1(d)).

Tissue sections of control gingiva showed intact basement membrane, no infiltration of 

inflammatory cells in superficial lamina propria, and normal basal cell layer (Fig 1(a) and 1(c)). 
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Fig 1. Histopathology stained by hematoxylin and eosin in the control and OLP. (a) Control 

gingiva: No infiltration of inflammatory cells (X 200). (b) OLP: Degeneration of 

keratinocytes and infiltrating mononuclear cells in the superficial lamina propria (X 200). (c)

Control gingiva (X 400). (d) OLP (X 400).
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2. The mRNA expression level of ER stress-related molecule by RT-PCR

The mRNA expression levels of ER stress-related molecules – BIP, TNF-α, CHOP, and 

Del-1 – by RT-PCR is shown in Figure 2. Figure 2A shows visualized respective PCR products 

in the control gingiva and OLP tissue. Figure 2B shows quantified data of mRNA expression 

levels of ER stress-related molecules.

1) mRNA expression level of BIP

The mRNA expression level of BIP was significantly higher in OLP compared to the control (p

= 0.043) (Fig 2B(a)). 

2) mRNA expression level of TNF-α

The mRNA expression level of TNF-α was significantly higher in OLP compared to the 

control (p = 0.001) (Fig 2B(b)).

3) mRNA expression level of CHOP

The mRNA expression level of CHOP was significantly lower in OLP compared to the 

control (p = 0.003) (Fig 2B(c)). 

4) mRNA expression level of Del-1

There was no significant difference in mRNA expression level of Del-1 between the control 

and OLP (p = 0.360) (Fig 2B(d)). 
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Fig 2. The mRNA expression levels of ER stress-related molecules in the control and OLP. A.

The respective PCR products were electrophoresed on agarose gel and visualized. B. The 

respective mRNA levels of OLP are shown as % of control; the absolute level of each mRNA 

in the control is set as the 100% control. *p < 0.05; Con: Control.
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3. The expression of ER stress-related molecule by immunohisto-

chemistry

Figure 3, 4, and 5 show immunohistochemical stained samples of the control and OLP.

1) Expression of TNF-α

Tissue sections of control subjects stained for TNF-α showed minimal expression in the 

superficial lamina propria. On the other hand, tissue sections of OLP subjects showed strong 

expression in the basal layer of epithelium and superficial lamina propria (Fig 3). 

2) Expression of CHOP

Tissue sections of control subjects stained for CHOP showed cytoplasmic expression in the 

upper layers, but no expression in the basal layer of epithelium. Whereas, tissue sections of

OLP subjects showed cytoplasmic expression in the basal layer, and rare expression in the upper 

layers of epithelium (Fig 4). 

3) Expression of Del-1

Tissue sections of control subjects stained for Del-1 showed cytoplasmic expression in all 

of the layers, except single basal layer of epithelium. Del-1 was not expressed in the endothelial 

cell of vessels in the lamina propria. Tissue sections of OLP subjects showed cytoplasmic 

expression in all of the layers of epithelium similar to the control, however, Del-1 was expressed 

in the endothelial cells of vessels in the lamina propria (Fig 5). 
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Fig 3. The expression of TNF-α in the control and OLP determined by immunohistochemistry. (a)

Control gingiva (X 200). (b) OLP (X 200). (c) Control gingiva: Minimal expression of TNF-α in 

the superficial lamina propria (X 400). (d) OLP: Strong expression of TNF-α in the basal layer

of epithelium and superficial lamina propria (X 400).
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Fig 4. The expression of CHOP in the control and OLP determined by immunohistochemistry. (a)

Control gingiva: Expression of CHOP in the upper layers and no expression in the basal layer of 

epithelium (X 200). (b) OLP: Expression of CHOP in the basal layer and rare expression in the 

upper layers of epithelium (X 200). (c) Control gingiva: No expression of CHOP in the basal layer 

of epithelium (X 400). (d) OLP: Expression of CHOP in the basal layer of epithelium (X 400).
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Fig 5. The expression of Del-1 in the control and OLP determined by immunohistochemistry. (a)

Control gingiva: Expression of Del-1 in all of the epithelial layers (X 200). (b) OLP: Expression 

of Del-1 in all of the epithelial layer (X 200). (c) Control gingiva: No expression of Del-1 in the 

endothelial cell (X 400). (d) OLP: Expression of Del-1 in the endothelial cells in the superficial 

lamina propria. Arrows point to the endothelial cells expressing Del-1 (X 400).
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IV. DISCUSSIONS

Many exogenous sources of stress or stimulus can lead to cell death. Previous studies about 

OLP have focused on exogenous stressors and cellular response to stressors. Recently, 

endogenous sources of cellular stress such as ER stress have been identified and deserved the 

notice of scientific explorations. ER is an essential organelle that produces every secreted 

proteins and membrane receptors. Various cellular and environmental stress conditions such as 

hypoxia, hypoglycemia, hyperthermia, calcium level, energy level, and others can disturb ER 

functions and increase stress within a cell’s ER. ER stress activates adaptive response, UPR, to 

maintain homeostasis. Recent studies showed that UPR regulates inflammation, apoptosis, and 

immune response and plays an important role in development of T cell-mediated autoimmune 

diseases (Todd, Lee, and Glimcher 2008). 

Previous studies showed that the expression and role of ER stress-related molecules in T 

cell-mediated autoimmune diseases. UPR was upregulated, downregulated, or dysregulated

depending on each T cell-mediated autoimmune diseases, and the expression of Del-1 was 

reduced. In Sjögren syndrome, characterized by apoptosis of acinar and ductal epithelial cells 

of salivary gland, significant induction of BIP and CHOP, and reduction of Del-1 expression

were shown in the ductal cells (Baban et al. 2013). In experimental autoimmune 

encephalomyelitis, characterized by apoptosis of oligodendrocytes and infiltrating T cells, 

proper UPR protects the oligodendrocyte from apoptosis according to the state of 

oligodendrocyte (Zhang, and Kaufman 2008). And significant reduction of Del-1 expression 

was shown in chronic-active multiple sclerosis lesions and in the inflamed central nervous 
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system (Choi et al. 2015). In psoriasis vulgaris, characterized by proliferation of keratinocytes 

and infiltrating T cells in dermis, the expression of BIP and CHOP were decreased, which means 

that UPR is impaired in psoriasis vulgaris (Sugiura et al. 2009; Hibino et al. 2011). In ulcerative 

colitis, expression of BIP was increased, whereas expression of CHOP was decreased in 

intestinal epithelial cells (Treton et al. 2011; Waldschmit et al. 2014).

Oral lichen planus (OLP) is known as a T cell-mediated autoimmune disease. Although 

there have been many previous studies to investigate the pathogenesis of OLP, the pathogenesis

is not known for sure to date. Previous studies have focused on the events occurring outside 

keratinocytes, cytokines, and chemokines related to inflammation and apoptosis. In this study, 

we focused on the events occurring inside keratinocytes, and investigated the expression of ER 

stress-related molecules in OLP lesions.

First, we explored the presence of ER stress in OLP tissue by the expression level of BIP. 

The induction of BIP is widely used as an indicator for the onset of ER stress. Oral epithelium 

is continuously turned over and vulnerable to various exogenous stimuli due to the function of 

protective barrier. It is highly possible that these stimuli alter keratinocytes and increase ER 

stress within the cell. So, we hypothesized that keratinocytes may be under ER stress in OLP. 

According to our hypothesis, the mRNA expression level of BIP was significantly higher in 

OLP compared to the control. We found out that ER stress is increased in OLP lesions.

It has been reported that BIP is also able to elicit autoreactive B and T cell responses.

Serum anti-BIP antibody was detected in rheumatoid arthritis (Bläss et al. 2001; Park, Yoo, and 

Kim 2014) and Sjögren syndrome patients (Purcell et al. 2003). As regard to the potential role 

of ER stress in autoimmune diseases, ER stress-related molecule can serve as an autoantigen. 
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In further study, the serum anti-BIP antibody needs to be explored in OLP patients.

Second, we explored the expression level of TNF-α in OLP tissue. The higher mRNA 

expression level of TNF-α was observed in OLP compared to the control. TNF-α is a potent 

modulator of cellular apoptosis via death receptor pathway. It is mainly produced by activated 

macrophages and T cells. Non-immune cells like keratinocyte, fibroblast, and glial cell also 

produce TNF-α. The elevated expression of TNF-α in OLP lesion indicates its elevated 

biological conditions in the local inflamed environment (Lu et al. 2015). Hu et al. (2006) 

reported that TNF-α links ER stress to the TNF-α-mediated death receptor pathway through 

nuclear factor-kappa B (NF-κB) activation. We evaluated the correlation between the 

expression of ER stress and TNF-α by bivariate correlation analysis between mRNA level of 

BIP and mRNA level of TNF-α in the control and OLP (This data was not shown in the results). 

A Spearman correlation coefficient of 0.652 (p = 0.003; p < 0.05 was considered significant)

suggested a certain positive correlation between BIP and TNF-α.

Third, we explored the expression level of CHOP in OLP tissue. Under non-stressed 

condition, BIP binds to and inactivates all three ER stress transducers; pancreatic ER kinase 

(PERK), inositol-requiring transmembrane kinase/endonuclease 1 (Ire1), and activating 

transcription factor 6 (ATF6). When unfolded proteins are accumulated in ER, BIPs bind to the 

unfolded protein, thereby activating three UPR pathways (Todd, Lee, and Glimcher 2008). UPR 

involves four responses; reduction in the load of new protein synthesis, upregulation of genes 

encoding ER chaperone proteins such as BIP, activation of NF-κB which is a transcription factor 

known as a mediator of innate immune responses, and apoptosis (Oyadomari, and Mori 2004).

If the ER stress is sustained/severe, ER initiates apoptotic pathway to protect the organism by 
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eliminating the damaged cells. During apoptotic pathway, the gene for CHOP is activated

(Zinszner et al. 1998). CHOP is a transcription factor that normally presents in the very low 

level but its expression markedly increases following sustained ER stress. Overexpression of 

CHOP leads to decrease of Bcl-2 protein (anti-apoptotic protein) and increase of Bax and Bak 

proteins (pro-apoptotic protein). CHOP-mediated death signal is finally transmitted to the 

mitochondria (Oyadomari, and Mori 2004).

Previous studies have evaluated the expression of CHOP in keratinocyte (Sugiura et al. 

2009; Hibino et al. 2011; Sugiura 2013). Studies about the expression of CHOP in normal 

epidermis showed that UPR-related genes were induced in the upper layers and rarely induced 

in the basal layer of epidermis. UPR is more active in differentiating keratinocytes than in 

proliferating keratinocytes. UPR is mild in normal keratinocytes and reduced in proliferating 

diseases such as squamous cell carcinoma and psoriasis vulgaris. Tissue sections of control 

showed CHOP was expressed in the upper layers, but not expressed in the basal layer of 

epithelium. Whereas, tissue sections of OLP showed CHOP was expressed in the basal layer, 

and rarely expressed in the upper layers of epithelium. From the expression of CHOP in the 

basal cell layer undergoing degeneration and apoptosis in OLP lesion, we suggested that ER 

stress-induced apoptosis may be involved in apoptosis of basal keratinocyte in OLP.

The expression level of CHOP was significantly lower in OLP compared to the control. 

This may be related to the distribution of CHOP expression; the CHOP was rarely expressed in 

the upper layers and only expressed in the basal layer in the OLP, whereas, the CHOP was 

expressed in the upper layers and not expressed in the basal layer in the control. Tissue sections 

of control gingiva showed more wide-ranging expression of CHOP compared to the OLP.
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Generally, CHOP deficiency showed decreased inflammation and apoptosis (Goodall et al. 

2010; Liu et al. 2011). Conversely, CHOP deficiency resulted in more inflammation and tissue 

injury (Treton et al. 2011; Esposito et al. 2013; Waldschmit et al. 2014). Increasing rates of both 

intestinal epithelial cell proliferation and apoptosis, and induction of BIP have been observed 

in ulcerative colitis patients, while CHOP mRNA and protein expression were shown to be 

reduced (Arai et al. 1999; Sipos et al. 2005; Treton et al. 2011). Although the mechanism of 

CHOP downregulation remains elusive, the down expression of CHOP in this study might 

reflect a protective mechanism underlying the regulation of oral epithelial cell proliferation and 

apoptosis in inflamed OLP tissue (Treton et al. 2011).

Other possible reason for lower expression of CHOP is the abnormal UPR in OLP. Intact 

UPR provides an adaptive response to microbial pathogens and environmental stress conditions 

to maintain homeostasis. Oral mucosa under abnormal UPR is highly susceptible to 

pathological changes in the microenvironment and the abnormal UPR may elicit inflammatory 

and immune reactions. In further study, we need to evaluate the expression of other UPR-related 

genes such as PERK, Ire1, and ATF6 in OLP.

Forth, we explored the expression level of Del-1 in OLP tissue. Although Del-1 is not a 

downstream molecule involved in UPR pathway, we evaluated the expression of Del-1 in OLP 

because of the following reasons: Infiltrating T cells are distinct feature of OLP and T cell 

recruitment is important in pathogenesis of OLP, Del-1 is an endogenous modulator of 

leukocyte recruitment, and it is reported that the expression of Del-1 is regulated by ER stress 

(Baban et al. 2013). T cells are recruited in response to inflammatory cytokines such as TNF-α

secreted by keratinocytes and inflammatory cells in OLP (Sugerman et al. 2002). Leukocyte 
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recruitment needs leukocyte adhesion to the endothelium. Significant neo-angiogenesis were 

observed to be expressed in OLP lesion (Scardina et al. 2009; 2011) and adhesion molecules 

such as ICAM-1 (intercellular adhesion molecule-1) on endothelial cells and keratinocytes, 

VCAM-1 (vascular adhesion molecule-1) on endothelial cells in blood vessels, and LFA-1 

(leukocyte function-associated antigen-1) on T cells and almost all cells were increased in OLP 

lesions (Dorrego et al. 2002). An endogenous inhibitor of leukocyte adhesion, Del-1, has been 

discovered and exert anti-inflammatory effect in inflammatory and immune diseases (Choi et 

al. 2008). Del-1 is an endothelial-derived molecule and presents predominantly in immune 

privileged organs like brain, eye, and lung. Del-1 antagonizes the interaction between the LFA-

1-dependent leukocyte and the endothelial cells. Del-1 deficient mice showed higher level of

LFA-1-dependent neutrophil recruitment (Choi et al 2008; 2015).

Oral mucosa is an immune privileged site and we hypothesized that increased ER stress 

and decreased expression of Del-1 may be related to the T cell recruitment in OLP lesions. The

expression level of Del-1 was not significantly different between the control and OLP. Previous 

studies showed reduction of Del-1 expression in inflammatory (Shin et al. 2013; Yamada et al. 

2014) and autoimmune diseases (Baban et al. 2013; Choi et al. 2015), but this study did not 

show similar result. From this result, we could not conclude a potential role of Del-1 in T cell 

recruitment. In experimental autoimmune encephalomyelitis mice model, Del-1 deficient mice 

had significantly higher numbers of infiltrated neutrophils, whereas, other leukocytes such as 

CD4+ or CD8+ T cells or infiltrated macrophages were not altered. Del-1 could not control the 

numbers of infiltrating T cells, but it may increase the numbers of interleukin-17-producing 

CD8+ T cells in the inflamed tissue (Eskan et al. 2012; Choi et al. 2015). Further study should 
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clarify the role of Del-1 in OLP.

This is the first study to investigate a potential role of ER stress in OLP. But our study has 

several limitations and further studies compensating the limitations should be performed. First, 

the tissue specimens of the control and OLP were not of the same nature. The gingiva is 

keratinized oral mucosa and buccal mucosa is non-keratinized oral mucosa. Because OLP can 

affect gingiva, we used gingival tissue as control. Further study should compare normal buccal 

mucosa with affected buccal mucosa. Second, to figure out ER stress response signaling 

pathway in OLP, we need to evaluate whether the UPR-related genes are induced when the

epithelial cells from OLP are treated with UPR-inducing agents like tunicamycin and 

thapsigarigin. Third, the specimens were collected from erosive type of OLP in patients 

complaining of pain. The more ER stress is severe, the more increasing the cell undergoing 

apoptosis is. Therefore, it is valuable to compare erosive type and reticular type or painful group 

and non-painful group about the expression of BIP and CHOP. And the last, the total sample 

size was small. We need to investigate with the large sample size.
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V. CONCLUSION

The study is the first study to investigate a potential role of ER stress in pathogenesis of 

OLP. We evaluated the expression of ER stress-related molecules by RT-PCR and 

immunohistochemistry in OLP and following results and conclusions were drawn.

1. The mRNA expression levels of BIP and TNF-α were significantly higher in OLP 

compared to the control.

2. The mRNA expression level of CHOP was significantly lower in OLP compared to 

the control. In the control, CHOP was expressed in the upper layers, but not expressed 

in the basal layer of epithelium. Whereas, CHOP was expressed in the basal layer, and 

rarely expressed in the upper layers of epithelium in OLP.

3. The mRNA expression level of Del-1 was not significantly different between the 

control and OLP. Del-1 was not expressed in the endothelial cell in the control, but 

expressed in the endothelial cells in OLP. 

From the results of this study, it is not for sure about the exact role of Del-1 in OLP. But 

we found out that ER stress is increased and ER stress-induced apoptosis may be involved in 

apoptosis of basal keratinocytes in OLP. We suggest that ER stress plays a role in pathogenesis 

of OLP and propose that ER stress could be a new scope for study of OLP. In the future, by 

thoroughly consideration of aforementioned limitations, we need to investigate the UPR 

signaling pathway and role of Del-1 in controlling the level of inflammatory cytokine in OLP.
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ABSTRACT (IN KOREAN)

구강편평태선에서

endoplasmic reticulum 스트레스 관련 molecule 의 발현

<지도 최 종 훈 교수>

연세대학교 대학원 치의학과

심 영 주

구강편평태선은 T 세포 매개 자가면역질환으로 세포자멸사와 T 세포의

집적이 병인론에 중요한 역할을 하는 것으로 알려져 있다. 구강편평태선에서

세포자멸사 기전이 아직 명확히 밝혀지지 않았지만, 외인성, 내인성, 

perforin/granzyme B 경로에 의해 이루어진다고 보고되고 있다. 최근 내인성 세포

스트레스인 소포체 (Endoplasmic reticulum, ER) 스트레스가 새롭게 세포자멸사

개시자로 알려지고 있으며, 염증과 면역반응을 조절한다는 증거들이 많아지고

있다. 또한 T 세포매개 자가면역질환의 발생에도 중요한 역할을 한다고 보고되고

있다. 더구나, ER 스트레스는 염증과 자가면역 질환에서 백혈구의 집적을 억제하는

내인성 백혈구 유착 억제자를 조절하기도 한다. 

이에 본 연구의 목적은 세포 내 스트레스인 ER 스트레스 관련 molecule 의

발현을 통해 구강편평태선의 병인론에서의 ER stress 연관 가능성을 알아보는
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것이다. RT-PCR 과 면역조직화학염색을 통하여, 구강편평태선 환자에서 B cell 

immunoglobulin protein (BIP); ER 스트레스 표지자, tumor necrosis factor alpha (TNF-α);

세포자멸사를 조절하는 염증성 사이토카인, C/EBP homologous protein (CHOP); ER 

스트레스 매개 세포자멸사에서 유도되는 전사인자, 그리고 developmental endothelial 

locus-1 (Del-1); 내인성 백혈구 유착 억제자의 발현을 관찰하였다. 

BIP 와 TNF-α 는 대조치은조직보다 구강편평태선에서 유의성 있게 높게, 

CHOP 는 유의성 있게 낮게 발현되었다. Del-1 은 유의한 차이가 없었다. CHOP 의

발현되는 위치는 대조치은조직에는 상피 상층에 발현되었고, 기저세포층에는

발현되지 않은 반면에, 구강편평태선의 상피 상층에는 거의 발현되지 않고 기저

세포층에서 발현되었다. Del-1 은 대조치은조직의 내피세포에는 발현이 되지

않았고, 구강편평태선의 내피세포에는 발현이 되었다. 구강편평태선에서

ER 스트레스가 증가되어 있으며, ER 스트레스 유도 세포자멸사시에 발현되는

단백질이 구강편평태선의 기저세포에서 발현된 것으로 보아 구강편평태선의

세포자멸사시에 ER 스트레스 유도 세포자멸사가 관여할 것이다. 이를 통해

ER 스트레스가 구강편평태선 병인론에 관여할 것으로 생각되며, ER 스트레스가

구강편평태선의 연구에 새로운 영역이 될 것이라 사료된다.

핵심되는 말 : 구강편평태선, B 세포 면역글로불린 단백질 (BIP), C/EBP homologous 

protein (CHOP), Developmental endothelial locus-1 (Del-1), 소포체 (ER)

스트레스, 세포자멸사


